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IXTRODrCTION 

For a period of several years, between 1905 and 1932, the California 
Academy of Sciences conducted extensive scientific ex]yeditions to the Cala- 
pai>’os, (hcos, ^ral])elo, Cedi’os, San Beiiito, Ti'es ]\Iarias, and White Friars 
islands. 

During’ the coui*se of studies of these eastern Ibicific Ocean islands, 
numei'ous volcanic rocks were collected by Washington Henry Oehsner from 
the (Jalapagos Islands (including Abingdon, Albemarle, Barrington, Bind- 
loe, Chai-les, Chatham, Cardner, Hood, Indefatigable, Jervis, South 
Seymoui* and Tower islands) ; from ( 'ocos, ]\Ialpelo, Tres ^Marias and W^hite 
Ph*iai‘s islands by C. B. l^erkins, Leo G. Hertlein, and G Dallas Hanna; 
and metamoi'phic and ])lutoiiic rocks from Cedros, San Benito and Tres 
Marias islands, l)y G Dallas Hanna. The volcanic rocks that were col- 
lected on these islands range in composition from lyasalt to rhyolite. Those 
lavas on the Gabipagos Arehipelego and ('ocos Island are principall}^ 
basaltic in composition, although a few are of andesitic com])osition (Rich- 
ardson, 1933, p. 46). One lava fi'om Cocos Island is a latite, and several 
collected from ]Maria ^Madre of the Tres ^Marias islands are rhyolitic in 
composition. Glaucophane schists were collected on Cedros and San Benito 
islands and several plutonic rock types were collected on ]Maria ^ladre 
Island. 

Special thanks are due to Dr. Leo G. Hertlein for his encouragement 
and suggestions during the course of this investigation, and especially to 
Di*. G Dallas Hanna who made available the rock sjyecimens and suggested 
that a petrographic study be made of them. 

G A 1 A P A( IDS I SLA XDS 

Locatiox axi) Gexekal Geolouy. The Galajuigos Islands are on the 
ccpiator about 650 miles west of Ihmador. They foi*m an archipelago eon- 
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Figure 1. Map of the Galapagos Archipelago showing the major islands and the 
localities where rock specimens were collected. 



sisting' of 13 islands and many islets and projeetini*- roek masses. The 
islands, except for minor amounts of sedimentary Ijeds, are wholly of 
volcanic orioin and contain at least 2000 cones and craters (Darwin, p. 
1 10-131, 1891). This is a very conservative estimate for it has been shown 
that there are at least 2500 cones and cratei's alone on Albemarle Island 
(Banfield et a!., 1956, ]). 222) which is the largest island in the archipelago. 
Some of the volcanoes have erupted during the last hundred years (Sappei*, 
1917, p. 95). In addition to the many craters, there are lava flows and 
deposits of tuffs and tutf -breccias. 

Petrography. Most of the ciystalline rocks that make up the Galapagos 
Islands are basaltic in composition, and porphyritic with phenociwsts of 
basic plagioelase set in a microcrystalline groundmass. Olivine is not com- 
mon, but when it is present it is moi*e readily visible in lavas eollected on 
Chatham, Charles, Gardner, Hood, Jervis, and Indefatigable islands. 

Abingdon Island (Pinta; Geraldino). Two specimens of basalt were 
collected on Abingdon Island, the northernmost island in the archipelago. 
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S])eeimen no. 88 is t^^ncal of a o*reat mass which forms an extensive flow 
that covers mucli of the island. S]>ecimen no. 90 is from a more recent flow, 
and is less extensive in its ocenri*ence than specimen no. 88 over which it 
lies. 

Specimen no. 88 is a dark, porphyritie, vesicular rock containing pheno- 
crysts of plagioclase up to one-half inch across enclosed in a fine-gi-ained 
groundmass of feldspar laths, grains of colorless pyroxene and black opaque 
glass. The feldsiiai* phenocrysts ai*e subhedral in shape, and show well- 
develoi)ed zoning and twinning. They are unaltered and have a composition 
in the range of intermediate labradorite (A 1150 ). The groundmass feldspar 
is in iri'cgulai* laths and is seldom more than .2 mm. in length. They, too, 
are fi'esh, twinned and have a composition slightly more sodic than the 
feldsi)ar phenocrysts. The augite is fresh and occurs in subhedral color- 
less grains. The principal constituent of the groundmass is dark, opaque 
basaltic glass which derives its dark color in part from small dust-like 
particles of magnetite. Specimen no. 90 is not porphyritie, but shows a well- 
developed hyaloophitic textui'e in thin-section. It is a fine-grained rock 
and under the microsco])e one can see laths of feldspar and grains of augite 
enclosed in a dark glassy gi'oundmass. The feldspar laths are small and 
not more than .7 mm. in length, but reasonably accurate determinations 
indicate a composition in the range of intermediate lal)radorite (Au 45 - 5 o). 
This mineral constitutes about 35 per cent of the rock. The augite is colorless 
and is in twinned, subhedral grains that constitute about 10 per cent of 
the rock. The remainder of the rock is dark basaltic glass. 

Bixdloe Island (]\[arehena ; Torres), Of the three rock specimens col- 
lected on Bindloe Island, only one, no. 86 , was available for study. This 
s])ecimen was collected fi*om a lava flow well ex])osed along the ^vest coast 
of the island which appears to consist largely of pyroclastic deposits with 
a few narrow, smooth-surfaced lava flows. 

Specimen no. 86 is l)a.sidt. It is j)orphyritic, slightly vesicuhu*, and con- 
tains phenocrysts of feldspar up to one-half inch across enclosed in a fine- 
grai]ied, medium-gray colored groundmass. 

The feldspar phenocrysts are euliedi‘al to subhedral in shape, unaltered 
and constitute from 15-20 per cent of the rock. This mineral shows zoning, 
a combination of twinning, and a composition in the range of intermediate 
labradorite (Auso). The groundmass feldspar is in irregular-shaped laths 
that range up to .6 mm. in leiigth. The laths ai‘e fresh and constitute as 
much as 45-50 per cent of tlie I'ock. They are twinned, but not zoned, and 
have a composition slightly more sodic than the feldspar phenocrysts, and 
are in the range of A 1145 to Aiiso. The augite is in angular grains which are 
seldom more than .2 mm. across. The mineral is slightly pleochroic in pale 
pinkish to ])ale greenish colors, unaltered, and is untwinned and unzoned. 
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Figure 2. Map of the Pacific Ocean off the west coast of Central America show- 
ing the location of Cocos, Malpelo, Cedros, San Benito, Tres Marias and White 
Friars islands. 



It constitutes about 35 per cent of the rock. ^lagnetite whicli occurs in 
irregular grains, scattered among the other minerals, constitutes about 5 
per cent of the rock. 

Tower Island (Genovesa, Ewres). Only one specimen was collected on 
Tower Island, and this is a basalt from one of several prominent lava flows 
well exposed in Darwin Bay. The liasalt from Darwin Bay, is moderately 
vesicular and porphyritic, with phenocrysts of feldspar up to one-quarter 
inch across set in a fine-grained, dense, gray groundmass. 

The feldspar phenocrysts are euhedral and subhedral in shape, and 
show well developed zoning and twinning. They arc in the composition 
range of intermediate labadonite Aiisn-or,. The crystals are slightly altered 
and contain small, dark, angular and irregular shaped inclusions. The 
groundmass feldspar occurs in poorly developed lath-shaped crystals. They 
are fresh and range in composition from An^r, to An.-,,,. 

Augite occurs as euhedral phenocrysts and as anhedral grains in the 
groundmass. This mineral is common, fresh and lacks zoning and twinning. 
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Olivine occurs spai'ingly as euhedra] grains in the »i*onndmass. It is color- 
less wliere unaltered, but commonly shows alteration to i>olden brown id- 
dino'site. 

Jervis Island (Iltibida). Four i*ock sanijiles wei'c collected on Jervis 
Island, and only one of these, a lava, was collected from loose boulders 
which occur on the north side of the island. 

The rock si)ecimcn no. 38, collected from Jervis Island is an olivine 
basalt. It is porphyritic and contains phenociysts of olivine and feldspar, 
both as much as one-(piartcr inch aci-oss, set in a medium-grained gray 
groundmass. In thin section the rock has a xenomorphic-granular texture, 
yet with phenocrysts of olivine and feldspar set in a gramilai’ groundmass 
composed of the same minerals ])lus augite aiul a small amount of glass. 

The plagioclasc in the ])henocrysts and in the groundmass appear to be 
identical in all resi)ccts cxcei)t in size, of which the phenocrysts are as much 
as one-quarter inch across and the groundma.ss gi*ains i*arely more than .3 
mm. across. The feldspar is fi*esh and constitutes between 25 and 30 per 
cent of the rock. The crystals are twinned and a few of the phenocrysts 
show zoning. Inclusions of dark glass are common and ajipear to be con- 
centrated along the margins of the crystals where they are elongated and 
arranged in i*ows })arallel to cleavage and twinning ])lanes. The feldspar is 
intermediate laliradorite, An.-,o 

Augite is pale greenish in color, and occurs as anhedral crystals as 
much as .5 mm. across. This mineral, too, has dark glass inclusions, but in 
lesser amounts than the feldspar. The augite is fresh and constitutes about 
50 per cent of the rock. 

Olivine is in coloi*less anhedral cry.stals that show zones of yellow which 
are due to limonite and not the result of altei'ation to iddingsite. 

South Seymour Island (Baltra). Three specimens were collected on 
South Seymour Island, and only two of these, nos. 27256 and 32, were 
available for study. 

Specimen no. 27256 is fossiliferous limestone from one of beach terraces 
near the southern part of the island (no. 2 of Ochsner), and specimen no. 
32 is from a lava flow that rests u]X)n the fossiliferous tei*race deposits, also 
in the southern ])art of the island. 

Specimen no. 27256 should properly be called a fossiliferous tuffaceous 
sandstone. It contains white fossil shell fragments and dark brown, dark 
red and buff colored volcanic i*ock fi'agments enclosed in a medium-gray, 
fine-grained, dense groundmass. 

Fudei' the miei*oscope one can see rounded grains of orange-red pumice 
containing phenocrysts of i)lagioclase, A 1150 , rounded gi'ains of plagioclase. 
An 15 - 50 , olivine altered almost wholly to orange-red iddingsite, and white 
shell fragments all enclosed in a murky matrix of secondary calcite. 



VoL. XXXII] VHE^TERMA^\' EASTERN PAVIFIV PETROGRAPHY 



345 



Specimen no. 32 is andesite. It is a fine-<>' rained, weakly in'opliyritic. 
medium- to dark-gray coloi*ed rock. Phenocrysts of plagioclase are un- 
common, and range in size from .6 to 1.0 mm. The crystals are lath-sha])ed, 
fresh, and show sim])le albite and carlsbad twinning. They are in the com- 
position range of An.sr, to Aipo. The groundmass plagioclase occurs as 
microlites which are less than .5 mm. in length. They are abundant and 
constitute about 30 per cent of this I'ock. Tlie microlites of plagioclase 
have the same range in composition as tlie j)lagioclase phenocrysts. Augite 
is also very common, and it occurs in two distinct sizes: as small anhedral 
grains less than .1 mm. in diameter scattered throughout the rock and as 
larger subhedral gi'ains up to .5 mm. across. The smaller grains are nearly 
colorless and the larger grains show pale ])inkish and greenish pleochroic 
coloi's. All of the augite is fresh and untwinned. ^Magnetite is common and 
constitutes about 10 jmr cent of the rock. 

Indefatigable Island (Santa Citiz; Bolivia; Norfolk; I^orter; Valdez; 
Chavez; San Clemente). Five specimens were collected on Indefatigable 
Island. Of these specimens, no. 28, was the only specimen available for 
study. It is a dense, fine-grained, dark gray, slightly vesicular olivine 
basalt. luKler the micro.scope, the olivine basalt has a diabasic-intergranular 
texture. Plagioclase, which con.stitutes approximately 40 i)er cent of the 
rock, occurs in lath-shaped crystals that range up to 1.0 mm. in length. It 
is twinned, fresh and has a composition of An 5 o. Augite occurs in large 
irregular-shaped cry.stals and con.stitutes ai)proximately do per cent of the 
rock. It is weakly pleochroic in shades of pale pur])le and light green. 
Olivine is colorle.ss when fresh, but golden-yellow when altered to iddingsite. 
It occurs in subhedral-sha])ed grains and constitutes about 15 per cent of 
the rock. Both magnetite and ilmenite are pre.sent. ^Magnetite is in angular 
and rounded grains whereas the ilmenite is in .small .skeletal cry.stals, 
usually enclo.sed in the felds]>ar. 

Albemarle I.sland (l.sabela; Santa Gertrudis). Eleven specimens were 
collected on Albemarle Island. Specimens numbered 44, 47, 48, 51, 52, and 
54 ai’e voleanic rocks, and of the.se specimens only nos. 48, 49, 50, and 52 
were available for study. Si)ecimen no. 48 is basalt. It is non-vesicular, 
porphyritic, and contains ])henocry.sts of felds])ar and augite up to one- 
eighth inch in length enclosed in a dense, fine-grained, medium-gray colored 
groundmass. The ]dienocry.stic feld.spar, in the composition range of An-„-. 
to Ailjcm occurs as anhedral and subhedral .shaped grains. They are com- 
pletely twinned, but not zoned or altered. Augite occurs as small granular 
inclusions in the larger feld.spar ]dienocrysts. The groundmass feld.spar, 
whose composition is a])])i*oximatcly Aur.o, occurs as irregulai^-shaped laths 
that are slightly more sodic than the feldspai* phenocrysts. The groundma.ss 
feldspar constitutes about 25 per cent of the rock. Augite, although ocur- 
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ring- as phenocrysts and in the groundmass too, is more abundant in the 
groundmass. It is pale-greenish in color and shows twinning but no zoning. 
The phenocrysts are euhedral in shape, whereas the groundmass grains are 
subhedral and anhedi*al in shape. Few of the ])henocrysts of augite are 
rimmed with dust-likc particles of magnetite, and a few of the grains in 
the groundmass ai^e almost completely clouded by magnetite. 

Specimen no. 49 is a crystal-lithic-vitric tuff. It contains pyroclasts of 
])lagioclase, porpliyritic basalt and andesite, and ])umice set in a ground- 
mass of fine-grained, ])artly altered glass. The feldspai- pyroclasts are 
subhedral and anhedral in shape, and range in composition from Aipn to 
A 1150 . The larger grains contain bleb-shaped inclusions of pale-yellowish 
glass, arranged pai*allel to twinning planes. The larger gi*ains are un- 
altered, but a few of the smaller feldspar grains have a narrow rim of 
pale-yellowish opal. Augite i)yroclasts are colorless, and are rimmed by 
yellowish nontronite. The lithic pyroclasts consisting essentially of andesite 
and basalt, are rounded and also rimmed by opaline silica. The pumice 
pyroclasts are rounded and contain a few crystals of potash feldspar 
(sanidine) as well as some yellowish colored nonti*onite. A small amount 
of secondary calcite is ]>resent. 

Specimen no. 50 is tuff*-breccia. It consists of angular and rounded, 
dark-gray ])umice fragments u]> to one-half inch across enclosed in a 
medium- to fine-grained, grayish- and gi-eenish-brown matrix of partly al- 
tei*ed volcanic ash. 

Specimen no. 52 is a ])or])hyi*itic basalt from Tagus cove. It contains 
phenocrysts of ])lagioelase and augite up to one-quarter inch across en- 
closed in a fine-grained, dense, dark-gray, vesiculai* groundmass. The 
plagioclase phenocrysts are in the composition range of Aiir.^ to Aiieo, and 
occur in subhedral and anhedral grains that are well twinned and show 
zoning. Inclusions of dark glass are j)resent, and especially noticeable at 
the interior of the feldspar grain where they ai*e arranged in elongated 
clots parallel to the tAvinning ])lanes. The groundmass feldspar occurs in 
microlites that constitute about 30 per cent of the i‘ock. They are tAvinned 
and I'ange in composition from An^o to An,-, 5 . Augite occurs as euhedral 
phenocrysts and as anhedral grains scattered among the feldspar microlites. 
The augite is fresh, though in places it is stained yelloAvish-orange by 
limonite. It constitutes about 30 per cent of the rock. The remainder of 
the rock is dark basaltic glass. 

Barrington Island (Santa Fe). Three specimens Avere collected on 
Barrington Island; and only one of these (no. 73), a specimen of oliAune 
basalt, Avas available for study. It is said to be chai‘acteristic ot* the laATi 
OoAvs in the northeim part of the island. This olivine basalt is a fine-grained, 
slightly vesicular rock containing ])henocrysts of olivine and plagioclase set 
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Figure 3. Olivine basalt from Barrington Island, Galapagos Achipelago. Pheno- 
crysts of olivine are rimmed by yellow iddingsite and are enclosed in a groundmass 
composed of plagioclase laths (An<;o) and granular augite. Plain light. X 30. 

in a groundmass of feldspar laths and aug:ite g;rains. The plagioclase 
phenocrysts are labradorite (Augo) and occur as slightly rounded, twinned, 
unzoned crystals as much as .2 mm. across. The feldspar phenocrysts are 
fresh and constitute about 5 per cent of the rcK*k. The groundmass feldspar 
occurs in lath-shaped crystals not more than .5 mm. in length. They are 
fresh, twinned, not zoned and are in the composition range of AiUs to An^o- 

Olivine occurs as subhedral and anhedral grains up to .2 mm. in 
diameter. They are colorless and slightly altered to golden-yellow idding- 
site. Olivine also makes up part of the groundmass where it occurs in 
rounded grains scattered among the felds])ar laths. It constitutes approxi- 
mately 20 per cent of the rock. Augite occurs in irregular-shaped crystals 
that include small laths of feldspar. It is weakly pleochroic from pale 
pinkish-purple to ])ale greenish, and con.stitutes about 40 per cent of the 
rock. 

Chatham Island (San Cristobal; Dassigney; Grande). Five rock 
specimens were collected on Chatham Island. Only one of these specimens, 
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Figure 4. Olivine basalt from Chatham Island, Galapagos Archipelago. Pheiio- 
crysts of olivine enclosed in a groundmass of plagioclase (An-^) and augite. Plain 
light. X 30. 



no. 43, an olivine basalt eolleeted at the tenninns of a lava flow south of 
Sappho Cove, was available for study. The olivine basalt from Sappho Cove 
is a fine-grained, tinely-vesieular, inediinn-gi*ay por])hyritie roek which con- 
tains phenoerysts of augite and plagioclase enclosed in an intergranular 
groundmass of felds]mr laths and grains of augite and olivine. The feld- 
spar phenoerysts, intermediate labradorite An 55 -An,;o, occur in subhedi*al 
and anhedral crystals up to .5 mm. aci*oss. They are fresh, well-twinned 
and constitute about 10 j)er cent of the rock. The groundmass plagioclase 
(A115,,) is slightly moi*e sodie than the feldsjiar phenoerysts, and occurs as 
lath-shaped crystals partly enclosed in the augite and partly forming a 
mesh structui*e which is infilled by smaller augite ciystals. The ground- 
mass feldspar constitutes about 50 pei* cent of the rock. The augite occurs 
in colorless and pale-purplish, iri-egnlar-shaped crystals that measui*e as 
much as .6 mm. across. This mijieral is unaltei*ed and constitutes between 
35 and 40 per cent of the i*ock. Olivine is in euhedral to subhedral grains. 
It is colorless wliei'e fresh, but is altered in part to golden-yellow iddingsite. 
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especially around the margins of the crystals. Olivine constitutes between 
10 and 15 per cent of the rock. 

Charles Island (Santa ^laria; Floreana). Eight rock specimens were 
collected on Charles Island. Two of these specimens numbered 59 and 63, 
were available for study. Specimen no. 59 was collected from an exposure 
on Cormorant Bay and is a crystal-vitric-lithic tuff. In hand specimen 
this rock is dark, greenish-black to black in color and contains angular 
pyroclasts set in a fine-grained, dense matrix of dark-brown colored glass. 

Under the microscope one can see angular pyroclasts of colorless angite 
and irregular gi‘ains of basic andesine Aiu-,, and rounded ]\vroclasts of 
slightly vesicular, amygdaloidal, and vitrophyrie glass. These pyroclasts of 
glass constitute a bulk of the I'ock. They are yellow in color, with tin* intei ior 
part being canary-yellow and the i*ims a golden-yellow. The amygdules 
are ovoid in shape and more or less com])letely filled with secondary calcitc. 
Angite and andesine are tlie crystalline constituents in the glassy pyroclasts. 
The angite is colorless and is in angular (oystals. The andesine (Aii 4 o to 
Au 43 ) occurs in lath-shai)ed as well as in ii‘r(‘gulai‘-sha])ed crystals. The 
matrix is a glass. It is grayish in color and contains finely divided magnetic 
as well as microlitic laths of andesine and angular grains of coloi*less angite. 

This tuff is similar in many respects to the tuffs found on Albemarle 
Island, excepting the tuff from Uormorant Bay on Charles Island contains 
very small amounts of lithic material such as ]>yroclasts of andesite and 
basalt. Specimen no. 63 is said to be i‘ej)resentative of a lava flow wliich 
reached the ocean at Black Beach Jtoad (Ochsnei*, unpublished manu- 
script). Tlie rock is basaltic in com])ositiou. It is porphyritic and contains 
phenocrysts of plagioclase and i)yroxene set in a sub-ophitic groundmass 
of plagioclase microlites and intergmnular angite. 

The plagioclase pheuocry.sts (An.-,^ to Ail;,,) occur in subhedral and 
anhedral grains. They are completely twinned, zoned and show a slight 
amount of alteration. The larger ])henocrysts, up to .5 mm. across, contain 
numerous inclusions of glass, angite, and alteration products of the pyroxene, 
all localized more toward the interioi* of the crystal and oriented parallel to 
the twinning ]danes. The plagioclase phenocrysts constitute about 25 per 
cent of the i*ock. 

The plagioclase in the groundmass has tlie comj)osition of A 1155 aiid 
occurs in subhedral and irregular-.shaped crystals up to .4 mm. in length. 
They are twinned, but not altered, and constitute about 30 per cent of the 
rock. The pyroxene is hy])er.sthene which occurs in slightly colored euhedral 
grains that exhibit weak pleochroic colors, ^[any of the lai'ger crystals of 
hypersthene have a rim of iddingsite; the smaller grains are almost com- 
pletely altered to iddingsite. 

Small amounts of magnetite and colorless glass ai*e ])resent in the rock. 
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Hood Island (Espanola). Three rock s])eeiniens were collected on Hood 
Island. Specimen no. 65 is from a lava flow exposed in the cliff south- 
west of tfardner Bay, and specimen no. 69 from a lava flow exposed due 
west of Gardner Bay. Specimen no. 65 is olivine basalt. It is porphyritic 
and contains phenocrysts of olivine and plao’ioclase set in a dense, fine- 
grained. dark-gray groundmass composed of plagioclase microlites and 
grains of angite. The plagioclase phenocrysts are in rounded, zoned crystals 
that range in com])osition from A 1145 to Aiior,. They contain numerous in- 
clusions of very small crystals of ai>atite and angite which tend to be con- 
centrated in the outer zone of the jdienociysts. The plagioclase mierolites 
are slightly more sodic than the j)henoci’ysts and have a composition of ap- 
pmximately A 114 -,. 

Angite is in small, colorless, subhedral and anhedral grains. It is very 
common and constitutes about 25 per cent of the rock. Olivine occurs as 
anhedral crystals, of which many of them have been altered in part to id- 
dingsite. Olivine constitutes about 20 per cent of the rocks. Specimen no. 
69, too, is olivine basalt, and is similar in many respects to specimen no. 
65, excc])ting the angite which in specimen no. 69 is pale purplish in color, 
indicates the presence of titanium in more than noianal amounts. 

Cocos Island 

Cocos Island, goveiaied by Costa I\ica, is located on latitude 5° 32' N., 
al)out 650 miles west of Cape Corrientes, Colombia. It is a volcanic island 
approximately 4 miles long and slightly more than 2 miles wide, with a 
maximum elevation of 1932 feeC*^ above sea level. Six rock specimens were 
collected on Cocos Island by W. H. Ochsner in 1905, and by Dr. Leo G. 
Ilertlein, (California Academy of Sciences, PYPi.^^ary, 1932. Specimen nos. 
14-1 and 17 are basalt, no. 12-1 is latite, no. 13-1 is tuff-breccia, and no. 
18-1 is andesite (oligophyre). 

S])ecimen no. 14-1 is basalt. It is a dense, fine-grained, medium-gray, 
slightly porphyritic rock containing ]ihenocrysts of plagioclase and hyper- 
sthene enclosed in a sTib-ophitic groundmass of plagioclase laths and 
microlites and intergranular hypersthene. The plagioclase i)henocrysts are 
anhedral in shape and are in the composition range of An.r ,5 to Aiio,,. Both 
zoning and twinning are common, and a few of the crystals ai-e partly 
altered. The largei‘ ])henocrysts contain many inclusions of glass, hyper- 
sthene, and its alteration products. The inclusions tend to be localized 
more at the centi*al portion of the crystal and in a few crystals they are 
oriented somewhat ])arailel to the twinning planes. The plagioclase pheno- 
ciysts constitute about 25 ])er cent of the rock. The groundmass ])lagioclase 



* I'his elevation is given in Sailing Directions for the west coasts of Mexico and Central .America. United 
States Naval Oceanographic Office, H.O. No. 26. p. 26, January, 1962. 
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Figure 5. Oligophyre from Cocos Island. The euhedral i)henocryst of olivine 
which has been altered entirely to iddingsite, is enclosed in a trachytic groundmass 
of oligoclase laths and grains of olivine. Plain light, X 30. 



occurs in microlites and subhedrai, irregular-shaped laths, of which the 
latter are no more than .4 mm. in length. The laths are twinned, but not 
altered and are slightly more sodic than the phenocrysts. The groundmass 
felds])ar constitutes about 30 per cent of the rock. Hypei*sthene occurs in 
euhed]*al ciwstals, of which a majority are phenocrysts. The large hyper- 
sthene crystals have a narrow rim of yellow iddingsite, whereas, the small- 
grains of hyjiersthcnc are altered largely to yellowish-orange iddingsite. 
]\[inor accessory materials include colorless glass and grains of black magni- 
tite. Specimen no. 16 , olivine basalt, is porphyritic and contains pheno- 
crysts of olivine and plagioclase set in a groundmass of plagioelase laths 
and grains of augite. 

The plagioclase i)henocrysts are subhedrai to euhedral and exhibit 
well developed twinning and zoning. Their composition is in the range of 
Aiino to A1155 and most of the alteration is at the interior of the crystals 
where they are more calcic. The groundmass plagioclase occurs in irregular, 
lath-shaped crystals. Because of their small size their composition is dif- 
fieult to determine, but it is in the range of An45-An5u- The olivine is in 
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eiihe(lral-shai)cd crystals which arc altered largely to iddingsite, especially 
around the margins of the crystals. Augite is pi-csent in small coIoi*less grains. 
Secondary mateiaals include iddingsite, limonite. and sericite. A small 
amount of dark glass occurs interstitially between the feldspar laths. 

Specimen no. 17 is also an olivine basalt. It has a porphyritic texture 
and contains phenocrysts of jdagioclase and hypersthene enclosed in a fine- 
gi‘ained gronndmass of felds]>ar laths and grains of olivine and liyper- 
sthene. 

The plagioclase ])henocrysts are in anhedral and subhedral-shai)cd 
C7‘ystals and are in the composition range of Aiu.-s to Aiis,,. They are com- 
pletely twinned, zoned, and remarkably fi‘esh. The gronndmass ])lagioclase 
is in small, lath-shaped crystals and is in the composition range of Aipo to 
Auir,. They are twinned, unaltered and show no zoning. 

IIy]7e7*sthene occuu's in eiihedral-shaped eiystals that show faint ]>leoch- 
roism, and ai*e rai'ely twinned. Olivine is in euhedral-shaped crystals that 
show almost complete alteration to yellowish-orange iddingsite. 

Specimen no. 12-1 from Oocos Island is latite. It is slightly vesicular, 
pur])lish-gray in color, and iiorphyiltic with phenocrysts of ]dagioclase set 
in a fine-gi-ained gixmndmass. The ]dagioclase ]dieiiocrysts occur as euhedral 
and subhedral grains of which some are skeletal and contain inclusions of 
magnetite and glass. Their com])osition is oligoclase, in the I’ange of An^o 
to A1125. The crystals are zoned and complexly twinned and constitute 
about 10 per cent of the i*ock. The ])lagioclase in the gi*oundmass is slightly 
more sodic than the phenocrysts and have an An contetit of about 20 ])er 
cent. The graiiis are anhedral and show slight alteration, twinning, and 
zoning. They a]*e very almndant and constitute about 80 ]>er cent of the 
]-ock. The pyroxene is diopsidie-augite and it occurs in pale, yellowish- 
g]*een anhedral grains. It makes up about b per cent of the rock. Magnetite 
occuT's in irregulai*-sha])ed grains wliich are commonly surroimded by 
yellow limonite. 

Specimen no. 13-1 is a lapilli-tuft'-breccia. This rock is well consolidated 
and consists of angular and rounded fi‘agments of dark-gray and bi*ownish 
vesiculated glass, lit hie material, and mineral gTains set in a tine-grained 
ashy matrix. The vesiculated glass fragments range up to thi'ee-eighths of 
an inch acu*oss. They ai-e relatively unaltered, and contain veiy few pheno- 
crysts, but refractive index deteianinations made on the glass indicate an 
andesitic composition. In addition to the vesiculated glass fi‘agnient, the 
rock contains also dark jyvroclasts of vitrophyre which have ])henocrysts 
of intermediate andesine, (An45) enclosed in a dark glass. The lithic frag- 
ments are of three types: ho]*nl)lende andesite, andesite, and basalt. The 
hornbleiide andesite contaitis strongly ])leochroic, needle-sha]ied crystals 
of ho7‘nblende and fresh andesine (Aii4o-4,0- The andesite is com]n)sed of 
andesine phenocrysts (A1145-50), set in a gronndmass of small andesine 
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Figure 6. Olivine basalt from Cocos Island. Phenocrysts of plagioclase (An^- 
to An.-,o) and olivine enclosed in a fine-granied groundniass of feldspar laths and 
grains of olivine and hypersthene. Plain light. X 30. 



i>Tains and coloi‘less diopsidicaiii>ite. The basalt pyroelasts, on tlie other 
hand, are iniieh darker in color than either of the andesite i)vi*oelasts and 
eontains phenoerysts of labradorite (Aih;„_o5), enclosed in a fiiie-»rained 
<>Tonndinass of plagioclase inicrolites and small, anhedral grains of aiigite. 
Olivine, too, is pi*esent in the basalt and this mineral is in small, anhedral 
g]*ains which are altered largely to iddingsite. ^lineral pyroelasts inelnde 
enhedral grains of ])lagioclase in the composition range of A1I40 to A1143, 
subhedral, fresh and colorless grains of hypersthene, rounded and corroded 
gi'ains of brown hornblende, and a few rounded grains of qiiaidz. 

Specimen no. 18-1 is by fai* the most interesting rock collected on Cocos 
Island. The rock is called an oligophyi‘e for want of a better name. It is 
fine-grained, buff-colored, and has a poorly defined flow banding. Under 
the microscope one can see that the rock is weakly porj)hyritic. It is com- 
posed largely of oligoclase. The phenocrysts of oligoclase are anhedral and 
are in the composition range of A1130 to A1135. The gronndmass oligoclase 
(A1I20-2.O is in lath-shaped gi'ains that are arranged in zones around the 
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oli^'oelase pheiioerysts. I)iopsidie-au»ite is present in colorless, siibhe<lral 
o-rains. Biotite is in dark broAvn, strongly pleoeliroie, anhedral grains. 
Both of these ferromagnesian minerals are present in about equal amounts. 
INfagnetite occurs in cubic-shai>ed grains. Secondary minerals include 
limonite, which is i)robably derived eithei* from the biotite or from the 
small amount of pyrite that is present in the rock. 

^Falpelo Island 

^lalpelo Island is on latitude 3° 59' N,, and lies about 250 nautical 
miles westerly from Buenaventura, Colombia. It is a territory of the Be- 
public of Colombia and was known as early as 1530. The island is of 
volcanic origin and is appro .ximately one and one-half miles long, one-half 
mile wide, and has a maximum elevation of 854 feet above sea level. Vers' 
little has been written regarding the geology of ]\Ialpelo Island, and only 
a limited amount is known about the rocks that are exposed there. Mc- 
Connell (1943) gives an excellent description of the fresh lava and phos- 
phatized rocks that wei*e collected by Comandante Eduardo Fallon of the 
Colombian Navy in Decembei*, 1940 (Murj)hy, 1941, ]). 57). 

Two rock specimens Avere collected by C. B. Perkins, herpetologist, San 
Diego Zoo, in December, 1931, and the following comments are based upon 
a study of these specimens. One is ])yroxene andesite and the other is 
phosphate rock. 

The pyroxene andesite is greenish-gray in color, dense, and fine-grained. 
Under the mierosco])e the rock is holocrystalline, mici'opoi'phyritic, and 
has a pilotaxitic texture. The ])lagioclase ])henoerysts are fractured, 
twinned, slightly altered, and range in composition from An.-^s to An 4 (,. The 
plagioclase that comprises a bulk of the groundmass is in microlites whose 
composition based upon limited detei*mination is in the range of An 2 o to 
Au 25 . The plagioclase i)henocrysts and gi*oundmass microlites combined 
constitute about 50 per cent of the rock. The pyroxene, diopsidic-augite, 
occurs in colorless, anhedral grains usually no more thaii .05 mm. across, 
and occasionally in larger grains Tip to .1 mm. across. It constitutes alxiut 
20 per cent of the rock. Chloritic material is present, especially in close 
association with the plagioclase phenocrysts and the larger pyroxene grains. 
It is grass-green in color, moderately pleochroic, and locally stained brown 
by limonite. Both (piartz and chalcedony ai‘e present, but as secondary 
minerals, and in small amounts. Scattered uniformly throughout the rock 
are black, slightly angular, needlelike crystals. They are opaque and could 
possibly be ilmenite. The phosphate roek is dark brownish-black, mottled, 
and fine- to medium-grained. Under the microscope it is dark broAvn in 
color with scattered irregular, colorless areas, comiiosed of (piartz and 
chalcedony, (kilcitc is ]) resent in narroAv, curved veinlets. 
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Because of the lack of relict mineral grains in the phosphate rock, it is 
exceedingly difficult to determine whether it was originally a pyroclastic 
or flow rock. One eould si)eeulate, on the basis of lack of crystalline con- 
stituents, that the original rock was a vitric-crystal tuff in which the 
crystalline constituents were titanium and iron-bearing minerals, or titani- 
ferous magnitite. 



Cedkos Island 

Cedros (Cerros) Island is situated just outside of Sebastian Vizcaino 
Bay, on the west side of Baja California, midway between San Diego and 
Cape San Lucas. The island is elongated in a noiHi-south direction, and 
measures about 22 miles long and 7 miles wide. The highest peak is (^edros 
Mountain whose elevation is 3950 feet. Very little is known about the 
geology of the island, but from observers (Hanna, 1925, p. 268) who have 
visited the island we learn that it is composed largely of cherts, sandstones, 
schists, and serpentine, all similar in many respects to the Franciscan rocks 
(upper .lurassie) that are exposed so well in the San Francisco Bay area. 
In addition there are ]\Iioeene and Pliocene sedimentary rocks on the eastern 
side of the island and some volcanic rocks of presumably Tertiary age at the 
southwest corner of the island. 

Two rock specimens were collected on Cedros Island: Specimen no. 7 
is tuff-breecia and specimen no. 9 is glaueophanized volcanic rock. 

Specimen no. 7 tuff-breccia, is orange red in color, somewhat friable, 
and contains partly altered i)umice fragments, pyroelasts of basalt, and 
grains of augite, altered olivine, biotite, hornblende, and plagioelase (Augo), 
all enclosed in a matrix of partly devitrified, brownish colored glass. The 
hasalt jiyroclasts are of two types, one which is composed wholly of a felted 
mat of plagiocla.se (Au^o) laths, and the other which contains plagioelase 
microlites ( An.-,o-Dr>) set in a dark brownisli glass which constitutes at least 
50 per cent of the rock. 

Specimen no. 9, glaueophanized volcanic rock, the fir.st of two meta- 
morphie rocks to be mentioned in this jiaper, is a dense, fine-grained bluish 
gray rock. Distinct foliation is lacking and the rock has a eataclastic 
texture. Glaueoi)hane is common and contributes largely to the bluish colora- 
tion imported to the rock. It occurs in ragged and irregular-shaped grains 
that are strongly i)leochroic with X = pale greenish-colorless, y = lavender 
blue, z = blue. The glaucophane appears to have formed in part from a 
colorless pyroxene, and it is altered locally to a fibrous mineral of low 
hii’efringence. Tremolite is very abundant and con.stitutes at least 45 per 
cent of the rock. Jt oecui's in small, latli-shai)ed cry.stals and fibrous needles, 
usually arranged in angular and subangular clots. 

Both ealcite and aragonite are present. The calacite is colorless and is 
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in veins, whereas the aragonite, whieh, too, is colorless, is present as discrete 
oTains forming’ a mineral phase in the rock. A pyi'oxene of diopsidic-aiigite 
composition occurs as rounded grains that have altered in ]>ai*t to giaueo- 
phane and to ])ale-green chlorite. Quartz is not abundant, but this mineral 
is present as small rounded grains scattered ii‘regularly throughout the 
rock. 

Because of the lack of distinct foliation, the irregular distribution of the 
glaucophane and tremolite, and the ])resence of relict ])yroxene, it is be- 
lieved that the glaucophane i-ock was derived fi*om a basic volcanic rock. 

San Bknito Jslands 

The San Benito Islands are about 18 miles west of Cedros Island. There 
are thi'ce islands in the group. West San Benito (the largest), ^liddle 
San Benito (smallest), and East San Benito (next largest); all lie close 
together in an east west line. West and middle San Benito are composed 
largely of Fi-anciscan chert, and East San Benito, the most rugged of the 
three islands, contains s(‘hist and marble in addition to chei‘t ( Hanna, 1924, 
p]). 374-374) (Van West, 1959, pp. 8-13). Only one specimen was available 
fi*om San Benito Islands for study, and it is a glaucophane schist, collected 
on Ea.st San Benito Island. 

The glaucophane schist is a medium-to-fine-grained, gi-ayish-blue rock 
that shows well developed foliation. Tuder the microscope one can see 
wispy muscovite plates curved ai'onnd earlier formed gi*ains of glaueo])hane 
and plagioclase. (daucophane occurs in in'cgular-.shaped to xenoblastie 
crystals that show distinct i)leochroism : = colorless, y = purplish blue, 
z = ultramarine blue. The crystals a])pear broken as though they had de- 
veloped early and were fi*actured and disi‘uj)ted during shearing stages of 
metamorphism. Plagioclase (An-.-iu) occurs as rounded and angular grains, 
usually closely associated with (piartz which, too, is in rounded grains. The 
quartz shows undulatory extinction. Muscovite is ])resent as wispy-shred-like 
aggregates of small j)lates. It apparently developed late. Van West (1958, 
PI). 535-37) describes glaucophane schists from San Benito Islands similar 
to that mentioned immediately above and states that this is . . a common 
variety among the glaucoi)hane schists foianed on l^ast San Benito Island." 

Tkes ]M arias Islands 

The Ti*es ^larias Islands, consi.sting of ^laria ^ladre, Maria ^lagdalena, 
and Maria Pleofas, lie about 55 miles off the west coast of Mexico, west of 
San Bias, Xayarit, between latitudes 21° and 22° X., and longitudes 106° 
and 107° W. (see tig. 2). 

Much has been written of the paleontology of the.se islands as a result 
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of ex])e(litions l)v tlie Oaliforiiia Academy of Sciences. Itowever a few re- 
marks about some of tlie rocks collected in 1925 by (1 1). llaiina and E. K. 
Jordon, and othei* rocks collected and reported upon by ITertlein and 
Emerson 1 1959, p. 4) will belj) to explain further the o*eolo«y of these 
islands. 

All of the rock specimens were collected on ]\Iaria ^Madre Island which, 
according- to Hanna (1926, p. 69) is stated as consisting . . of granite, 
chiefly, with a rim of diorite around the edges.” It is apparently from this 
granitic core and dioritic rim that the specimens of biotite granite and 
hornblende-(iuartz diorite porphyry were collected. The biotite granite 
(OAS-35) is a medium-grained, light-colored rock which is speckled by 
Iflotite and hornblende. Under the microscope the rock has a hypidiomorphic- 
granular texture, the texture common to most jdutonic rocks of this com- 
])osition. Both orthoclase and plagioclase feldspars arc present and where 
they occur adjacent to anotlier a myrmeketic border has developed on the 
orthoclase. The orthoclase is in anhedral grains which constitute about 40 
per cent of the i*ock. It is fresh for the most part and contains a small 
amount of sericite along fractures. Plagioclase, in the composition I'ange of 
Aiiin to Aiii 5, occurs in subhedral and anhedral grains which, too, contain 
some sericite. Zoning is absent, but the twinning in the plagioclase is com- 
])Iex. This mineral constitutes about 20 per cent of the rock. Quartz is in 
rounded, slightly fractured grains. It constitutes about 10 per cent of the 
rock. Biotite is ])resent in strongly, pleochroic, dark greenish-brown sub- 
hedral grains. This mineral has been altered locally to deep-green chlorite 
and contains small inclusions of zircon and apatite. Hornblende is in short 
prismatic ciystals. It is fresh, grass-green in color, and too contains in- 
clusions of a])atite and zircon. 

CAS-39, the hornblende-(piartz diorite porphyry, is considerably darker 
colored than the biotite granite. It has a distinct porphyi-itie texture and 
contains phenocrysts of plagioclase, quartz, and hoiublende enclosed in flne, 
granular groundmass of the same materials. 

The plagiocla.se phenocrysts are .subhedral in shape and range up to .4 
mm. in size. They are zoned and complexly twinned and i*ange in com- 
position from core to rim, from A1130 to A1125. Alteration is present, prin- 
cipally to sericite and calcite, with the cores being moi*e highly altered than 
the rims. This mineral con.stitutes about 40 per cent of the rock. The ground- 
ma.ss feldspar is in small lath-shaped crystals that average le.ss than .5 mm. 
in length. They range in composition from Auso-Anoo, show slight altera- 
tion to sericite, and locally form diabasic intergrowths with the quartz. 
The groundma.ss plagioclase constitutes about 20 per cent of the rock. Quartz 
occurs as angular phenocrysts u]) to .4 mm. across and as luunded grains 
in the groundmass. It constitutes about 10 per cent of the rock. The hoiu- 
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blende is in pale-«reen crystals that have a motli-eaten a])i)earance. It is 
weakly pleoehroie, contains inclusions of apatite and magnetite, and con- 
stitutes about 5 per cent of the i‘ock. A small amount of deep-green biotite 
is jn'esent. It is strongly pleoehroie in shades of green and brown, and 
contains inclusions of apatite and magnetite. Several s])ecimens of iliyolite 
((JAS-37 and 38) were collected as float in the first main canyon southwest 
of the village on Maria Madre Island. The rhyolite is a fine-grained, dense 
rock and ranges in color from ])urplish-gray to gray. It shows flow banding 
and contains white, rounded jihenocrysts and small cavities of which the 
latter now contain small, well-formed quartz crystals. The rock is jiorphyritic 
and contains altered ])henoerysts of iilagioclase and green biotite enclosed 
in a fine-grained groundmass which shows a mierographic structure. The 
plagioclase jhienocrysts are subhedral in shape, show simple twinning, and 
are in the composition range of A 1115 to Aiioo. Alteration of the plagioclase 
is jirincipally to serieite and calcite. The phenocrysts constitute about 10 
per cent of the rock. The groundmass felds])ar is orthoclase and is in an- 
hedral, untwinned, slightly altered grains. It forms microscopic intergrowths 
with (juartz and con.stitutes about 50 per cent of the rock. Excejiting for a 
few scattered ragged-appearing, gi*een-colored phenocrysts of biotite, quartz 
comprises the remainder of the rock. It occurs both as distinct anhedral 
grains and in mierogra]ihic intergrowths with the groundmass feldspar. 
In the same canyon where the rhyolite was collected and upstream from 
the contact between the Pliocene sedimentary rocks and the underlying 
granite, a sj)ecimen (PAS no. 36) of rhyolite granophyi'c was collected 
fi*om an outero]^ of this rock. The gi‘anophyi‘e i*esembles the rhyolite in 
hand s])ecimen. It lacks the flow l)anding which is so chai*acteristic of the 
rhyolite, but does show ])henocrysts of feldspai* and has a dull gray color. 
The texture of the rock is grano])hyric and porphyritic, and the rock 
contains rounded phenocrysts of jdagioclase and quartz set in a grano- 
phyi'ie intei'growth of (juartz and orthoclase. The j)lagioclase, though 
slightly altered is in the composition range of Aiim to Aiiir,. It is sulhiedral 
in sha])e and measures up to .3 mm. in size. The groundmass feldsj)ar, 
orthoclase is less altercal than the pheuocrystic, and constitutes about 45 
])cr cent of the rock. Quartz occurs si)ai‘ingly as rounded phenocry.sts. 
However, it is more abundant in the groundmass where it is much coai‘sei‘ 
grained when iutergrown with the oilhoclase. The quartz constitutes about 
40 per cent of the rock. The biotite is green, strongly ])leochroic, and occurs 
in sj)onge-likc crystals with iri*egular outlines. 

Specimen CAS-40 is fossiliferous siltstone and was obtained from a 
large boulder in the first main canyon southwest of the village on ]\Iaria 
Madre Island. The siltstone is tine-gi*ain(‘d and contains rounded and 
angular grains of (piartz and shell fragments, and fossil foraminifera in a 
matrix consisting of calcite and chalcedouic silica. P. P. Phurch (written 
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eommiinieation, January, 1963) kindly examined the siltstone and identified 
the following genera : 

Peneroplis sj). 

BoUvina sp. 

Bulimina sp. similar to B, orata 
F rondicularia sp. 

Glohigerina sp. 

These fossils indicate late Tertiary (possibly Pliocene) age for the 
siltstone. 



White Friars Islands (^Iorro de Papanoa) 

During the course of later excursions off the west coast of ^lexieo by the 
California Academy of Sciences, several rock specimens were collected liy 
Dr. Leo G. Ilertlein from a group of small islands which lie some 5 to 6 
miles south of Zihuatenejo, State of Guerrero. These islands are referred 
to as the White Friars and are said to resemble members of that monastic 
oi‘der in a kneeling position. 




Figure 7. Phosphate rock from the White Friars Islands. Veins of white meta- 
variscite in collophane. Plain light. X 30. 
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:\I()st of the i-oek specimens collected by Dr. Ilertlein are highly ])lu)s- 
phatized volcanic rock, but one (CAS— 42) is reasonably unaltered and is 
identified as hornblende andesite. The andesite is pori)hyritic and contains 
plagioclase phenocrysts set in a oramdar matrix of feldspar, hornblende, 
volcanic glass, and minor quartz. The ]dagioclase phenocrysts are sid> 
hedral, twinned, and zoned: a few ai*e l)cnt. Those phenocrysts that show 
the best zoning are euhedral in shape. ]\Iany of the phenocrystic ])lagio(dases 
are of a pale, pinkish-bi*own color. These colored feldspai* crystals liave a 
com])osition in the range of Aiiv,, to An.^r,. The remaining, non-colored 
plagioclase phenociysts are in a composition range of Aiu^ to An-,,,. The 
])henocrystic plagioclase constitutes about 45 })er cent of the rock. The 
groundmass plagioclase is in subhedral and anhedi*al gi*ains which show 
twinning, but lack zoning. They are i*elatively unaltei*ed, i‘ange in com- 
position fi'om Aiiar, to An to, and constitute about 40 ]>er cent of the ]*ock. 

Hornblende occui's as ])ale-green, weakly jdeochroic, prismatic and 
skeletal crystals. Biotite is in irregular ])leochroic crystals. The hornblende 
and biotite constitute less than 10 per cent of the i*ock. The quartz ])resent 
in this rock is scai’ce, and occtu-s in I'ounded grains that show wavy ex- 
tinction and contain tiny prismatic crystals of zirion. Both apatite and 
magnetite are ])resent. The apatite occui*s as needle-like inclusions in the 
])lagioclase and the magnetite usually in close proximity to the biotite and 
hornblende. A dark, brown-colored volcanic glass occurs in irregular areas 
scattered irregularly thixnighout the rock. 

PiiosPiiATE Ro(’k. Several sani])les of phosphate i-ock were available 
for study and they appear to be the same in all respects. Specimen no. 
(^AS— 14 is the largest and offers the greatest oiqiortunities for detailed 
])etrologic and mineralogic study. It is relatively smooth, dense, and light 
brownish-gray to beige in color. Cut surfaces shoAv irregulai*ly disti-ibuted 
open voids as well as a well develoj)ed colloforin banding which in some cases 
confoi'ins to the outline of the void. Under the mici*oscope the colloforin 
banding shows u]) fairly well and one can see that the rock consists ]irin- 
ci])ally of two distinct materials: (1) a jiale-buff to brown-colored, weakly 
biref 1 ‘ingent isotrojiic mineral whose refractive index and structure indi- 
cate collophane and (2) a ciwstalline, coloi*less mineral which has moderate 
to strong bii*efringence, moderate axial angle, optically positive and an ex- 
tinction of Z'Aff = 27°. This latter mineral is metavariscite in which a 
small amount of iron isonior])hously replaces some of the aluminum. The 
metavai’iscite occurs as small prismatic crystals and in cnists that show 
a radial-fibrous structure. 

The phosphate rock fi*oni the White Friars resembles in many I'cspects 
the jdiosphate ro(*k found on Mal])elo Island, yet they dift'er somewhat in 
their min(‘i*alogi(‘al (‘ontcnt. 14ie ])hos])hate ro('k on Mal]>elo consists largely 
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of phosphosiderite and strcn^-ite ( "onnell, 1943. 713) whereas that on 

tlie Wldte Friars Islands is eollophane and metavariseite. 
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